
AD-A099 241 CORPS OF ENGINEERS WALTHAM MA NEW ENGLAND DIV F/G 5/7

SUMMARY OF THE GEOLOGY OF EASTERN MASSACHUSETTS,(U)
JUL 75 F W FESSENOEN, J AYERS, S L DEAN

UNCLASSIFIED NL

mIEEIhEEEEEE-
EEEEEEEllllEE-
llElllllElllEEE

I.E.E.E.-..-
EhE//llEE-



PHOTOGRAPH THIS SHEET

LEVEL INVWa R111
C> fiRSU~v~vft-.0 rb oGeoty f x ee-i

DOCUMENT IDENTIFICATION ,~ 7
0U

DISTRIBUTION STATEMEN-T A

Approved for public release:
Distribution Unlimited A

DISTRIBUTION STATEMENT

ACCESSION FOR
NTIS GRAMD

DTIC TAB

UNANNOUNCED D ETC
JUSTIFICATION

MAY 2 11981

_ __IBTONP ST ED
AVAILABILITY CODES

DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED

DISTRIBUTION STAMP

DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

FORM DOCUMENT PROCESSING SHEET
DTIC OCT 79 70A

L ee - . . . . . . . ' " - I.. . ... ..... . . + ° = ' .. .. ..I f~lfl .. . , + --. ;, L , + , ll



A SUMMARY

OF

THE GEOLOGY OF

fEASTERN MASSACHUSETTS

Prepared as a Planning Document

for Wastewater Management Studies

I
NEW ENGLAND DIVISION CORPS OF ENGINEERS

JULY 1975 Z
DISTRIBUTION STATEMENT A

Approved for public release;
Distribution Unlimited

k . ~ 0-3



A SUMMARY OF THE

GEOLOGY OF EASTERN MASSACHUSETTS

Franklin W. Fessenden, Ph.D.
Corps of Engineers

John Ayers, M.S.
Goldberg-Zoino and Assoc.

Steven L. Dean, M.S.
Whitman & Howard, Inc.

March 1975
Corps of Engineers

Planning Division
New England Division



TABLE OF CONTENTS
Page

I. INTRODUCTION 1

II. LOCATION 2

III. SUMMARY OF THE GEOLOGY OF THE STUDY AREA 2

IV. SOURCE MATERIAL 6

V. EXPLANATION OF LEGEND AND MAPPING PROCEDURES 8

VI. CONCLUSION 11

SELECTED BIBLIOGRAPHY 13

LIST OF TABLES Following pae !

1. Ages, Sequence and Names of Bedrock Formations
from Existing Literature 6 [

2. Summary of Materials Used on Surficial Geology 9
Maps

3. Engineering Characteristics of Surficial
Deposits



LIST OF FIGURES AND MAP SHEETS

Following Page

Figure 1 Location Map 2

Sheets I-I, 1-2, 1-3 Index Maps of Merrimack 7
Basin in Massachusetts

Sheets ENB, EMS, EMW Index Maps of Eastern Massa- 7
chusetts Area

Figure B Bedrock Geology of Merrimack in Appendix

Basin in Massachusetts

Figure S Surficial Geology of Merrimack in Appendix
Basin in Massachusetts

Figure W Groundwater Favorability of in Appendix
Merrimack Basin in Massachusetts

Sheets EMB-l, EMB-2, Bedrock Geology of Eastern in Appendix
EMB-3 Massachusetts

Sheets EMS-I, EMS-2, Surficial Geology of Eastern in Appendix

EMS-3 Massachusetts

Sheets EMW-l, EMW-2 Groundwater Favorability of in Appendix
EMW-3 Eastern Massachusetts

iii



A SUMMARY OF THE GEOLOGY OF EASTERN MASSACHUSETTS

I. INTRODUCTION

The Corps of Engineers, along with othez State and Federal agencies,
has conducted broad-based studies of wastewater in eastern Massachusetts.
A major portion of this study dealt with the feasibility and planning
procedures for different methods of wastewater treatment and renovation
in accordance with the goals expressed in Public Law 92-500. One of the
alternatives studied was that of wastewater treatment by the method of
land application. In this alternative, wastewater is applied to the
ground and is treated as it flows on or through the soil and underlying
rock material.

Knowledge of the geology of an area is of prime concern to any
planning effort for land application of wastewater. The effectiveness
of land treatment and the impact of the applied wastewater on the land,
groundwater, ard nearby streams and other surface bodies cannot be
adequately addressed unless the surficial, groundwater and general
bedrock geology of an area are known. To this end, the geology of eastern
Massachusetts was compiled from existing sources and was displayed in
both narrative and map form. The entire wastewater management study
was divided into two parts based on geographic delineation. One study
dealt with the Merrimack VRlley in Massachusetts, the other with the
rest of the State of Massachusetts east of approximately the 710, 52', 30"
W longitude. The compilation of the geology of the Merrimack Valley in
Massachusetts was prepared by Goldberg-Zoino and Associates, Inc. under
the direction of Mr. John Ayres. The geology of the rest of the study
area was compiled by Whitman and Howard, Inc., under the supervision of
Mr. Steven Dean., The two efforts were coordinated by the senior author
of this report, iranklin W. Fessenden of Bentley College and the Corps of
Engineers.

The full description of the geologic investigations can be found
in the main reports on each of the two study areas. The Merrimack Study
is in Appendix I-A (Geologic - Hydrogeologic Investigations) of Volume 3,
"Merrimack Wastewater Management, Key to a Clean River." The Eastern
Massachusetts geology study is printed as an Addendum to the Boston
Harbor -- Eastern Massachusetts Metropolitan Area Wastewater Study.
Both of these reports were published by and are on file at the Corps of
Engineers, New England Division.

This report is a summary of the two major geologic studies and is
intended for those who wish a set of geologic maps of the Eastern Massa-
chusetts area along with a list of source materials and references
compiled in one volume. It should be emphasized that the material
preconted in this report is a compilation of available geologic knowledge
existing prior to late 1973 and does not include original research.



II. LOCATION

The area discuased in this report Is that portion of the Commonwealth
of Massachusetts east of longitude 710, 52', 30". The study area has been

subdivided into two regions, the Merrimack River Basin in Massachusetts
and the remaining part of the eastern half of the State outside of the

Merrimack Basin. Figure I is a location map of the entire study area
with tl- subdivision outlined.

III. SUMMARY OF THE GEOLOGY OF THE STUDY AREA

A. Bedrock Geology

The bedrock of the study area consists of igneous, sedimentary

and metamorphic rocks mantled discontinuously by unconsolidated deposits.
The ages of the bedrock range from pre-Cambrian to late Paleozoic with
some minor volcanics of Triassic age also being mapped. The predominate

igneous rocks are granite and granodiorite. Other igneous rocks mapped

are syenites, volcanics and gabbrodiorities. Outcrops of sedimentary
and metasedimentary rocks of chiefly confined to the eastern and south-

eastern parts of the study area in the Boston and Narragansett basins.
Slates, argillites and conglomerates as well as some sandstones are

mapped. Metamorphic rocks exhibiting both foliated (phyllites, schists,
and genisses) and non-foliated (quartzites) texture are abundant and
outcrop in all parts of the study area.

B. Surficial Geology

i. General

Nearly all of the bedrock units of the study area are of Paleozoic
age or older. The exceptions are a few diabase dikes of reported Triassic
age. A long period of erosion followed the emplacement of the bedrock.
During this interval, the rock was weathered and worn away and streams
and rivers incised valleys in the bedrock floor.

Downcutting by these streams was interrupted by the advance

and retreat of glacial ice sheets during the Pleistocene epoch. Much
of the mantling cover of soil and weathered rock was removed by the ice

sheets, and the underlying bedrock surfaces were subjected to glacial

abrasion and scouring.

One or more layers of till or other glacial debris was

deposited on this modified surface by the advancing ice. Later, as the
ice melted, waterborne drift accumulated between, among, and over
residual ice blocks, and settled in the basins of temporary glacial lakes.

2
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Pre-glacial drainage patterns changed as many of the ancient pre-glacial
valleys were blocked or filled with sediment and the streams, having
been diverted from their original channels, developed new courses.

After the glacial ice had receded, the land mass began to
rebound exposing some of the newly-deposited materials to further
erosion. During and following this period, sea level fluctuated with
the strand line first retreatinq and then re-advancing. Along the shores
glacial sands were shaped into dunes by the wind, open waters were filled
with sediments and on these a marsh system evolved.

Landward, the large glacial lakes were drained to the sea
through successively lower elevation outlets. Rivers and streams became
established in new courses and channels, and glacial-derived sediments
were commonly reworked arid redeposited as alluvium. Poorly drained
upland areas and old lake bottoms, along with some of the deeper kettle
holes in outwash areas, became partially filled with organic detritus.

2. Glacial Deposits

With the exception of local deposits of 'ertiary clays and
silts and sands along the south shore and the islands, all the various
unconsolidated surficial materials in the study area are of Pleistocene
or recent age. Several different types, grouped by lithologic character
and mode of origin, are present in the area.

Glacial Till

Till is the most widespread unconsolidated sediment. It
consists for the most part of unsorted clayey or silty sands and gravels
which commonly contain many boulders and cobbles. Till deposits generally
average less than 20 feet in thicless and are deeper in the low land
areas and thinner towards the top of rock cored hills. Thicker deposits
are found in the several drumlins which are found in this area. No
distinction is made between the so-called "older" and "younger" tills
which have been the subject of much debate. All till in the study area
is mapped as one unit.

Glaciofluvial - laciolacustrine Deposits

Coarse grained stratified drift deposits are mapped and
discussed together. Although the outwash and ice contact deposits may
differ significantly in their origins and/or final topographic forms,
they are similar in physical characteristics. Most often these deposits
consist of sands or sand and gravel with minor vmounts of silt and/or clay
(less than 30,). 'May are usually strabified and moderate to well sorted.

kk-i



Large qaantities of these materials are found among deltaic
deposits whizh acciumulated in temporary glacial lakes, in nutwash plains
and as kames deposited on and next tc the wasting i-e.

The materials manped and oescribed as laie bottrti deposits
are limited to those finer grained materials that originally accumulated
on the floors of temporary glacial lakes. 'They are most comaonly seen
today in valley floors and in level plain-like areas such as near Hanscom
Field in Bedford.

Tle materials referred to as lake bottm' deonosts are
primarily silts and/or sandy silts. Varve clays are reported Zrom the
,Nashua and Sudbury Valleys, and to lesser extent elsewhere 'L. the area.

Glaciomarine Deposits

Blue-gray silty clays are found along coastal sections of
the study area. ihey are most often described as late-lacial and post-
glacial afe marine derosits. The occurrence of this clay we]l above
modern sea level elevations indicates landward submergence during the
time of its deposition.

Sands and silty sands, often associated with the glaciomarine
clays described above, are mapped together with recent dune sands and
beach sands. For the most part, the recent beach sands alonf, the Atlantic
coast have been derived from glacial materials.

3. Recent Deposits

Marine Organic Deposits

Recent a,-c marine organic silts are found in coastal lowlaid
regions, as for example in the large salt marsh behind Plmn island and
the marshes along the North and South Rivers near Paxbjury End Scituate.
These denosits are commonly related to fluctuations in sea level as
were cited %bove.

.r:esh Wqter 2,r-anic U'posits

Fresh water swamr accumulations throuchout the area consist
of peat and other decom-nosed organic matter interbedded in claces with
sands and silts. Tqhey arc most extensive in valleys %nd low-lands
where they overlie lake bottom deposits alluvium, or oucwash. ,isewhere
they occur locally in kettles, or " pnoorly drained upland reck basins
and depressions in the ground moraine. rhe sweamo deposits are generally
thin in utland locations, but in several lowland areaF arc %11wn to
exceed fifty feet.



River Terrace and Alluviu. Deposits

Much of the material nick:-eI up, transported, and deposited

by streams in the study area has been derived from glacial deposits.
Some of this mterial was deposited in nost..gIaclal t-Lres along river
courses that are now abandoned ,or partially abandoned. River terraces

and other features that renresent these cider streaz courses are seen

throug-hout the area. Alluvi al .atorial ranging, in size from clay through
coarse gravel and cobbles is currently being d:csitel by streams in
their channels and along flood ulains.

Ground '.ater o1 ogy

1. Supply

Average precipitation in the study are'- o aiges from 42-46"
per year, well above toe national average of 30-. C the yearly precipita-
tion falling on the area, about O0-22" are e,rarorated or transpired,
leaving 22-24" to recharge the grol.ad water reoervcir 1aid provide
runoff and base flow for surface streams. r'hs, the study area as a
whole iE orovided with an ample sunpiy -f both sur"ace and ground water.

Water table levels are relatively shallow ranging from 0 to 50-60 feet
below the surface denending on local topographic and -eolngic conditions.

2. Aquifer Descriptions

Ground water in the study area occurs in three different

subsurface anits: bedrock, sIacial till, and stratified unconsolidated
deposits. Ground water occurrence depends on Porosity (percentage of

void space) of the units and movement depends on permeability (relative
ease with which the unit can transmit a liquid).

Bedrock

The rocks which underlie the basin are hard and compact.
The frequency and distribution of fractures (the only significant source
of porosity and permeability in these rocks) are highly variable, but

commonly limited to an extent that essentially o.rchibits an, regular
large scale withdrawal of grol nd water.

Glacial Till.

The porosity of till denosits may e,-cee T,, rer cent. ut
permeability is low because of tbe pcoor sorti na hig h silt nid clay
content. These relatively thin deposits oro'ide lirated grond water

storage potential, and. the lo-4 lateral pei-meability resltc in slow ground
water movement. OnIv limited rinounts of water maV be withdrawn from till.



Stratifieo .,-ionsclidated Deposits

Stratified deposits con-sisting of very fine sand, slt, and
clay have relatively high porosity but low permeability, similar to till.
The water table is 'omnionly close to the surface, partictiarly iurJn'
the early Dart of the growing season. Because of these factors., gr,-.und
water storagle potential is limited and lateral water movement is hindered.
Fine grained deposits form poor aquifers.

Sand, and sand and gravel stratified deposits have high
porosity ard relativei high -er:eability. These denosits 'oscrly
occur within the valleys of large streamzs and their major tribetaries.
They are also found along abandoned or buried nredlacial strea valleys.
Some of these deposits form the best aquifers within the area.

TV. -7URE MATERIAL

A. '3edrock Geology Mans

the avail able literature concerning the bedrock of eastern
Massachusetts dates back to the early nineteenth century. iowever, the
more extensive and exacting mapping of the Massachusetts bedrock really
began in the early twentieth century with the publicatio n r 1917 of
the Geology of Massachusetts and Rhode Island by E. K. iherson.

There have been no other studies to date -which have mapped the
bedrock of the entire study area, although several portions of the area
have been investigated and mapped in detail. 'These other qtudies, which
include U.S. Geological Survey Quadrangle Maps (both published and open
file), U. S. geological Survey Bulletins and Professional Papers, and
State reports were used to complement and refine Ferson's work. In
addition, several outside sources such as Billings' Geology of New Hampshire,
were utilized to provide further data.

Attempts at coordinating and comparing the works of various
authors nresented some problems. it quickly became apparent that many
of the inaividual geologists who had worked within the study area
differed Preatly in their interpretations of the age, sequence, structure,
and even comrsition cf the xrri7us rock units. For instance, it is not
unusual tc find two or more rnaes aoplied to the same rock unit, nor is
it a rar- )cc.rrence to find that several rock units classified and
named by a -iven authoi have beer. limped together by another writer.
As may b:z ,-een on the following table , recent studies have identified
si~nif -at differences in the relationships among the uedrock units.
Age and structural relations in the study area are now considered to be
quite different 'rom those mapped by,- carlier workers. . summary of the
ages, sequences, and names of the bedrock formations used by various
authors for rock units is included in Table 1.

7-I



Diabase Dikes

4' Hubbardston Gra.
Fitchburg Gra.
Dracut Dio.
Ayer Gra.
Andover Gra. Andover Gra
Straw Hollow Dio. Dracut Dio.
Bolton Gneiss Beverly Syen.
Brimfield Sch.
Worcester Phy.
Boyleton Sch.

Warvard Congl. Merrimack Qtz
Paxton Qtz. Sch.
Oakdale Qtz

Merrimack Qtz.
Beverly Syen.
Mattapan VoIc.
Ironstone Qtz. Dio. Lynn Volcanies
Milford Gra.
Dedham Granodio Dedham Granodio
Newburyport Qtz. DiG. Newburyport Qtz. DiG.
Salem Gabb DiG Salem Gabb Dio
Newbury Volc
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B. Surficial Geology Maps

The sources of available information from which the surficial
geology maps were prepared include: U.S. Geological Survey Quadrangle
Maps (GQ Series); Surficial Geology Maps in U.S. Geological Survey and
Massachusetts DPW Bulletins; Surficial Geology Maps and "materials"
maps in U.S. Geological Survey Water Supply Papers; Soil Maps in U.S.
Department of Agriculture Publications and U.S. Geological Survey
Topographic Maps (7-1/2 Minute quadrangles). Where applicable, information
derived from studies other than described above were incorporated.
These included open file reports and The Geography and Geology of the
Region Including Cape Cod, the Elizabeth Islands, Nantucket, Martha's
Vineyard, No Man's Land. and Block Island by J.B. Woodworth and E. 4
Wigglesworth.

When available, the maps of the U.S.G.S. Bulletins, Quadrangle 4

Reports and Open File Reports were regarded as the most accurate
description of the surficial deposits and were, therefore, used without
alteration. The maps contained in the Woodworth and Wigglesworth
publication were used to describe those areas of the Cape and the islands
where no U.S.G.S. maps were available. Lastly, where no other source of
information was available, the soils of Eastern Massachusetts were grouped
together into categories determined by the type of surficial sediment
which they most likely overlie. Then, using the various county soils
maps and U.S.G.S. topographic maps (for swamp and marsh determination)
the surficial deposits were plotted on the base map.

C. Ground Water Geology Maps

Sources of information used in compiling the ground water geology
maps of the study area consisted of maps and descriptive material included
in: (a) ground water favorability studies3 by the U.S. Geological Survey
and the Massachusetts Water Resources Commission; (b) U.S. Geological
Survey Hydrologic Investigations Atlases; and (c) U.S. Geological Survey
Open File Reports. Ground water data on file at the Ground Water Branch
of the U.S. Geological Survey in Boston, Massachusetts and included in
Massachusetts Basic Data Reports was also used.

D. Index Maps

Listings of the specific maps and other source materials used
for the various subdivision of the study area are given on the index maps
immediately following this section of the report. Sheets 1-1, 1-2 and
1-3 show the bedrock, surficial and ground water source material used to
compile the Merrimack Basin part of the study and sheets EMB j EMS j
and EMW list the respective source materials used in the Eastern Massachusetts
portion of the study.

7



V. P,XL PNATI!OU 0.' LEGFIND ANtD NAPThJ ?ROCT7DURES

A. Bedrock

Considering all the available info.mation, a partia] man
illustrtin the distribution and extent of roc iuins malped by nodern
workers -,%ld be prepared. Or, on the other hand, a cmto mao showirng
the location and occurrence of rock units for the entire study area could
be taken from the early study by !,eerson in 1917. It would be hlinossible
to complotely reconcile the two contrasting series c" data and yet
maintain the meanins and intent of either. We have chosen the latter
course cf action, that being to use Daerson's work as the basis for our
mappings. 7is bedrock units within the study area have been divided into
two groups: (I) Igneous socks, and (2) Sedimentary and '.'eta-tedinentary
Rocks. Within these groups, 7-ersoi's descriptions and names have
been used for the various rock units he identified ard mapped. More
recen= information has been added to the maps whenever it was sufficiently
extensive so as to provide continuity anong the mapped traits. these
data include new nanes applied to some of Dierson's unnared for.mazions,
additional rook units identified by nodern workers i certain areas, and
regrouped or "lu.ined" rock units that today are thought t,, be similar in
composition, age and structural relationships.

The bedrock beneath the area southeast of a line roughly parallel
to, and approximately 15 miles northwest of, the kape Cod Canal including
the Care itself, Martha's Vineyard, Nantucket and the smaller islands of
iNantucket Sound is overlain by such thick surficial dencsits that few
wells have encountered bedrock. 'or this reason, little is 'inown about
the nature of the underlying rock. Where wells have penetrated the
overlying cover and have reached bedrock, they have been plotted and the
depth to bedrock (in feet below sea level) has been recorded. Interpreta-
tion of the cuttings has been recorded on the map for those wells for
which there was available data. Otherwise, this area, which appears on

sheet HB-3 has been shown with contour lines indicating depth to bedrock
in feet below sea level. These contours were largely taken from the
seismic study of Cape Cod and the Islands nublished by R.N. Oldale in
1969. They have, however, been re-drawn where shown to be inaccurate
near the presently existing well sites.

B. Curfitial C~olog r

Lne several source materials used in the prpnaratcion of the
surficial maps varied both in the manner and the inten:o for which they
were written. In some of the sources, the deposits were classified on
litholoy alone, in others the classification tended to., be based on
morphological characteristics (e.2. kame terraces and outwash plains) and
in still others the classification was more genetic 'oh ac vari-,c lake
stages or fcmational nits. For ouroses cf this reo-rt, a classifi:cation
system woo developed which could incornorate and be ccmatibl-e with 322.(
o; the available data.
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tr~ swas then suuvqdInoLuet g ieLs is of origin.

assi-rd v o3 fr eachi, some cosmi=ents rr ardir, u tle cr and ii*tho-logi,4c
materials descriotio)n o-f each a2ateoo-fry,, and ft I -zt f' re presentative

*ai~ " rms exhibited by each ofC the,( derosits.

Soe f' thnt dera-s-its in the- ea Stern t'nmet nrea are
q 'te1 i all in areal she and thsa!- dif -! - -r co)rnize on the

maso' htorso hesu' ae. rthis re asonY they are assigned

letter as well a s : trlsyrubo-is.......scalt ised in th- eastern
Massachusetts '-art ofthe study also real: red that tAe flnr grained and/o,.r
er.-anic soils be subdivided into- t w,, catel--r.;(s rath-er +~a the four
cate.-ories uised in the Merrim acke stud y. Areas sho n thCe maps of the
eastern :-Massachusetts oort~oi: 0:, tn' stuidy ve by c'-osohatcbinr represent
isac-*o-acuastrcne7 and Iaco marine Sreratned scdtm-nts 'lie fnar
consistin 7 chie '1v of' :7la4fa-, >Thnk bottom sed5Lmwrtr, are further desig-nated

byf th etr2 ad the latter, Aosi:-nptedb1)v im, he fiLne rg-rained
marine deposits nof the once offshore m,)arine terraces a ohmis.

The solid black1 symbol reorresents7 she rsu "dve'-osts with the
salt water erg-anics distin:-7ashed from the freshwater sr,7x v':s by t he
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river meanders, kettl-'e hola-s or darse-d ofrf glacialI valleys, whereas the
marine organi os are foun.,d near riv-r mouiths, a]-c"5 a estuaries and in
tidal flats and :narsn!,es.

One other t otc' denost o cr ,)nlyr wit!-.n the metror,-olitan
Bostoin area of sheet P22i i 1arv ojo Lext(-t t' he mapped. Thi1 -'s
is th:- artificical f'ill that has bilt,- :n over tne rrnst three hundred
years, and upnon which muitch of Biosto-n, Ctrfinbridoe and Sheisea is built.
This artificial Ifill is renresented by th-e "aoauhgo-:;, quilting" type
syrtbol directly below the standardI Leg-end on Mn: VS P
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aforementioned eig'ht Wvoe-s of surf -i ? sis erts. 71he infertnation shown
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Wsigtn . to -,ost-n, -hract hwstts , ot? lain and Suirficial

-oY9r 196)7, . .. Miclaeu elri nvestiimtio ns Mar T-514-R,
Sheet 7



C. Ground Water leoi.o ,y

Due to marked differences in availability and content of source
material, the Merrimack and eastern Massachusetts portions of the study
area were treated differently with respect to evaluation of ground water
favorability. index maps 1-3 and EMW list the source materials and
well illustrate the contrast between the abundance of data available
for the eastern Massachusetts report and the relatively small amount
of material which has been completed in the Merrimack Basin. One further
point which will help in the interpretation of the ground water favorability
categories formulated for both parts of the study area is the fact that
much of the analysis in the Merrimack area was based on data gathered
from private small yield wells while yields from municiral and other
large wells made up a large part of the data used to draw up favorability
maps for the eastern Massachusetts area.

Merrimack Basin

With the exception of a ground water favorability map of the
Assabet Basin, little comprehensive data regarding ground water
occurrence in the Merrimack River Basin in MassachuseTts has been
compiled and published. It was necessary, therefore, to employ the
closely corresponding relationship between the surficial and ground water
geology characteristics evidenced in areas which had been mapped for both
and then extrapolate that relationship in other parts of the basin for
which only the surficial geology is mapped. Complemented by some local
data and some ground water geology maps of adjoining basins, the extrapolation
was used as the Rmeans to formulate ground water favorability maps of
the Merrimack Basin. The patterns shown on the maps must be considered
reconnaissance estimates everywhere except in the Assabet basin.

The same ground water favorability categories used by the U.S.
Geological Survey in their study of the Assabet Basin were also used
in this study of the entire Massachusetts portion of the Merrimack Basin.
These categories are:

a. Areas where most wells will yield less than 25 gallons per
minute. The aquifer consists of poorly permeable material, chiefly
till and bedrock, but also includes some areas of sand and gravel, the
saturated thickness of which is generally less than 25 feet. This
category is unfavorable for the development of ground water supplies.
The unfavorable areas are shown in sheet W as having no pattern other
than surficial geology pattern.

b. Areas where yields from properly constructed wells may
range from 25 to 75 gallons per minute (also includes some areas
whose ground water potential is unknown). In these areas the aquifers
consists of sand and gravel, the saturated thickness of which generally
is greater than 25 feet. This category is favorable for development of
moderate ground water supplies. These areas are shown as a pattern of
closely-spaced stippling over the surficial geological map units.
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c. Areas most favorable for the locatior of wells that may
yield more than 75 gallons per minute. This unit generally consists of
sand and gravel, the saturated thickness of which is greater than 25
feet. Although yields from wells in these areas may, in places, range
as high as 900 gallons per minute, the most common safe yield from
properly constructed wells is probably in the 100 to 150 gallons per
minute range. This category is favorable for dcrelopment of moderate
to large volumes of ground water. These areas, which are shown in
sheet W by the large dot stipplings, are considered the least completely
mapped outside the Assabet, particularly along river channels and in
towns where water supply data is not readily available.

Eastern Massachusetts

The legend produced for this study of the favorability of ground
water is based on U.S.G.S. mapping legends which describe the aquifers
and the potential ground water yields that can be expected from those
aquifers in this area. This study defines three cat egories of aquifers
and the expected yields to be obtained from them. The three categories

are:

a. Favorable for development of moderate to large volumes of
grou-d water; saturated thickness generally larger than 40 feet;
generally capable of yielding more than 300 gpm.

b. Favorable for development of low to moderate volumes of
ground water; saturated thickness generally from 20 to 40 feet; generally
capable of yields from 100 to 300 gpm.

c. Favorable for development of low volumes of ground water;
saturated thickness generally less than 20 feet; generally capable of
yields from 0 to 100 gpm with the lowest yields in till.

This legend should be interpreted as a qualitative description
of ground water favorabilities. Not all the areas have quantitative
data in the form of actual well yields.

VI. CONCLUSIONS

A report of the geology of eastern Massachusetts was compiled from
existing literature. This study is a summary of two more detailed
studies which deal with: (a) the geology of the Massachusetts portion
of the Merrimack Basin and (b) the geology of Tassachusetts east of
longitude 710, 52', 30" W, excluding the Merrimack Basin. These reports
are on file at the U.S. Army Corps of Engineers, NED, Waltham, Massachusetts.
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The bedrock, surficial and ground water geology of the study area
is discussed along with the source material frm which this inforation
was derived. Maps illustrating the bedrock, surficial and ground water
geology for the Merrimack and eastern Massachusetts portions of the study
were prepared and printed with this report.

Index maps showing the various specific references used for various
locations within the study area are included in this summary along with
a selected bibliography listing published and unpublished source material.
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SYMBOL AQUIFER DESCRIPTION
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